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Abstract 
 
Two new materials based upon layered double hydroxides with nickel and 
cobalt in the brucite like layer with and without an anionic surfactant 
dodecylsulfonate (DS) have been synthesized and characterized by both near-infrared 
and infrared spectroscopy.  This work shows that large anionic surfactants can be 
incorporated into the interlayer of the LDHs.  The presence of the carbonate anions in 
the interlayer and the hydroxyl surface are readily analyzed by these techniques.  
The two materials of Ni3 and Co3Al-layered double hydroxides show different 
behaviour in the near-infrared and FTIR spectra both in terms of position and band 
intensity. This is an indirect indication of the incorporation transition metal ions into 
the brucite like layers. The nature of the observed reflectance bands in the near-
infrared spectral region 12000-8000 cm-1 is explained in terms of the d-d electronic 
transitions within the divalent nickel and cobalt brucite layers. The crystal field 
strengths of octahedral Ni2+ and Co2+ in the synthesised layered double hydroxides are 
close to but smaller than those in Ni-and Co-bearing carbonate minerals.  
The analysis of CO32- vibrational modes ν1, ν2, ν3 and ν4 in FTIR spectra at 1045, 885, 
1350 and 760 cm-1 reveals the presence of carbonate ion in the synthetic layered 
double hydroxides. 
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1. Introduction 
 
Layered double hydroxides (LDHs) or hydrotalcites (HTs) are also known as 
anionic clays and their intercalation compounds have attracted much attention by 
researchers  in recent years because of their potential technological applications as 
catalysis, optical memory, adsorbent and nanocomposite materials [1-6]. Layered 
double hydroxides are found in deposits of minerals in Australia where paragenic 
relationships between minerals exist. The discovery of large amounts of natural 
layered double hydroxides  at Mount Keith in Western Australia means that these 
minerals could be mined for specific applications [7]. Anionic clays, also known as 
layered double hydroxides, are less well known and more diffuse in nature than 
cationic clays like smectites. In fact anionic clays are electrostatically the inverse of 
smectites.  Smectites carry a negative layer charge and so are counterbalanced 
electrically by cations whereas the layered double hydroxides are positively charged 
and are counterbalanced by the negative charge of anions [8, 9]. The structure of 
layered double hydroxide can be derived from a brucite structure (Mg(OH)2) in which 
e.g. Al3+ or Fe3+ (pyroaurite-sjögrenite) substitutes a part of the Mg2+.  This 
substitution creates a positive layer charge on the hydroxide layers, which is 
compensated by interlayer anions or anionic complexes. Layered double hydroxides 
such as pyroaurite are trigonal carbonates whereas the manasseite group including 
sjögrenite is hexagonal carbonates. In layered double hydroxides a broad range of 
compositions are possible of the type [M2+1-xM3+x(OH)2] 
[An-]x/n.yH2O, where M2+ and M3+ are the di- and-tri valent cations in the 
octahedral positions within the hydroxide layers with x normally between 0.17 and 
0.33. An- is an exchangeable interlayer anion.  Many variations in compositions have 
been reported for layered double hydroxides.  One of the variations in cations 
comprises takovite in which Mg is replaced by Ni.  
 
Infrared (IR) and rarely Raman spectroscopic studies of layered double 
hydroxides with different cations, the anionic pillaring of layered double hydroxides 
and the thermal decomposition of layered double hydroxides have been reported, but 
mainly for the study of exchangeable anions.  The IR spectra from layered double 
hydroxides with Mg partly or completely replaced by Ni, Co, Mn and Zn have been 
reported [10-12]. Recently a relatively detailed assignment of the IR and Raman 
spectra of (Mg, Zn)6Al2(OH)16CO3.nH2O at 25°C and in-situ during heat-treatment by 
applying infrared emission spectroscopy have been described [4-6].  In an additional 
paper the IR spectra of Mg-, Ni- and Co-layered double hydroxides with detailed band 
assignments were reported [13]. Further studies have examined the structure of the 
hydroxyl surfaces and analysis of these surfaces for assembly of specific cation 
hydroxyl groups studied [14, 15]. 
 
LDHs do not readily swell in water like montmorillonitic clays due to the 
higher surface charge. In recent years, an increasing number of researchers use novel 
ways to overcome such shortcomings to obtain monolayer nanocomposites via 
delamination of the LDHs in suitable solvents[16-18]. One of the approaches to is to 
introduce large organic anions into the interlayer of LDHs.  The large anions can 
introduce solvent molecules into the interlayer, and thus lead to the swelling and 
delamination of LDHs. 
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 The present work is a part of more extensive near-infrared (NIR) and mid-
infrared (MIR) spectroscopic studies, designed to investigate the capacity of layered 
double hydroxides (LDHs) for hosting cations with relatively large ionic radii (see 
Table 1) [19] which had not been studied previously for use as possible sinks for trace 
elements like Ni, Co, Cr, Cu in catalytic applications of layered double hydroxides or 
anionic clays. We present in this paper the results obtained from a set of two layered 
double hydroxides synthesized: Ni3Al-LDH, Ni3Al-LDH-DS, Co3Al-LDH, and 
Co3Al-LDH-DS. 
 
 
2. Experimental 
2.1. Synthesis of layered double hydroxide 
 
2.1.1. Ni3Al-LDH and Co3Al-LDH 
 
 The layered double hydroxides were prepared by co-precipitation in a similar 
fashion to that described by Miyata [20]. About 21.81 g of Ni(NO3)2 · 6H2O or 21.83 
g Co(NO3)2 · 6H2O and 9.38 g of Al(NO3)3 · 9H2O with a molar ratio of 3:1 (Ni2+/Al3+ 
or Co2+/Al3+) were dissolved in 88 ml distilled water (referred as Solution A). About 
10 g NaOH were dissolved in 100 ml distilled water (referred as Solution B). At room 
temperature, Solution B and Solution A were dropped into 150ml distilled water with 
vigorous stirring, maintaining the pH value of the mixture at ca. 10. The mixed slurry 
was aged at 80 °C for 12h. In this way the nitrate anion is introduced into the 
interlayer.  The resultant was filtered, washed with distilled water, and dried at 60 °C 
in a vacuum oven. 
 
2.1.2. Ni3Al-DS and Co3Al-DS 
 
21.81 g of Ni(NO3)2 · 6H2O or 21.83 g Co(NO3)2 · 6H2O and 9.38 g of Al(NO3)3 · 
9H2O with a molar ratio of 3:1 (Ni2+/Al3+ or Co2+/Al3+) were dissolved in 88 ml 
distilled water (referred as Solution C). About 10g NaOH was dissolved in 100ml 
distilled water (referred as Solution D). 6.81g Na-dodecylsulfonate (DS) was 
dissolved 150ml distilled water (referred as Solution E). At room temperature, 
Solution C and D were dropped to Solution E with vigorous stirring, maintaining the 
pH value of the mixture at ca. 10. The mixture was aged in 80°C water bath for about 
12h, and then the resultant slurry was filtered, washed with enough distilled water, 
and dried at 60°C in a vacuum oven. 
 
2.2 X-ray-diffraction 
Powder XRD patterns were recorded using a Philips PANalytical X’Pert PRO X-
ray diffractometer (radius: 240.0 mm). Incident X-ray radiation was produced from a 
line focused PW 3373/10 Cu X-ray tube, operating at 40 kV and 40 mA, providing a 
Kα1 wavelength of 1.5418 Å. The incident beam was monochromated through a 
0.020mm Ni filter then passed through a 0.04 rad. Soller slit a 15 mm fixed mask with 
0.25° divergence slit, 0.5° anti-scatter slit, between 9 and 65° (2θ) at a step size of 
0.0167°. For XRD at low angle section, it was between 2 and 10° (2θ) at a step size of 
0.0167° with variable divergence slit and 0.125° anti-scatter slit.  
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2.3. Infrared and Near-infrared spectroscopy (NIR) 
 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer 
with a smart endurance single bounce diamond ATR cell.  Spectra over the 4000 to 
525 cm-1 range were obtained by the co-addition of 64 scans with a resolution of 4 
cm-1 and a mirror velocity of 0.6329 cm/s. Near IR spectra were collected on a 
Nicolet Nexus FT-IR spectrometer with a Nicolet Near-IR Fibreport accessory.  A 
white light source was used, with a quartz beam splitter and TEC NIR InGaAs 
detector.  Spectra were obtained from 11 000 to 4000 cm-1 by the co-addition of 64 
scans at a resolution of 8cm-1. A mirror velocity of 1.2659 was used.  The spectra 
were transformed using the Kubelka-Munk algorithm to provide spectra for 
comparison with absorption spectra.  
 
Spectral manipulation such as baseline adjustment, smoothing and 
normalisation were performed using the Spectracalc software package GRAMS 
(Galactic Industries Corporation, NH, USA). Band component analysis was 
undertaken using the Jandel ‘Peakfit’ software package which enabled the type of 
fitting function to be selected and allows specific parameters to be fixed or varied 
accordingly. Band fitting was done using a Lorentz-Gauss cross-product function with 
the minimum number of component bands used for the fitting process. The Gauss-
Lorentz ratio was maintained at values greater than 0.7 and fitting was undertaken 
until reproducible results were obtained with squared correlations of r2 greater than 
0.995.  
 
3. Results and discussion 
3.1 XRD results 
The powder X-ray diffraction (XRD) is a very powerful technique for 
characterising the structure of materials. The d value of layered materials, which 
reflects the interlayer spacing, can be calculated directly from the diffraction angles 
though Bragg's Law. The patterns of the synthesised LDHs and the DS- interlayered 
samples are shown in Fig. 1A (in the 2 θ 2-10º region) and Fig.1B (in the 2 θ 8-65º 
region). The LDHs samples has a typical, well ordered layer structure with a basal 
spacing (d003) of 7.77 Å [20]. The value is slightly larger than the calculated value 
which is caused by the interlayer anion [NO3-].  The Ni3Al-LDH gives a small sharp 
pattern at about 29o which is caused by the same reason.  
 The surfactant modified samples, resulting in a series of ordered diffraction 
peaks at lower angle, indicate that DS- enters the interlayer gallery of LDH. Co 
contained Co3Al-DS sample is with higher crystalline than Ni contained samples, 
because it gives sharper peaks at about 3.51o and 7.34o (2 θ), while Ni3Al-DS simply 
appears broad peaks at around 2.69o and 7.23o. The d001 value of Ni3Al-DS and 
Co3Al-DS are 32.08 and 25.15 nm. Considered by the theoretically calculated 
value(the sum of the length of SDS (20.8 Å) and the LDH sheet thickness (4.8 Å)), it 
can be easily found that  DS anions are interlayered and formed a so-called super 
lattice of inorganic/organic repeating nanostructure units [21]. The extra expand space 
in Co3Al-DS implied that the newly formed structure has less attraction between the 
layer and the interlayer anions.  The other series of reflection peaks illustrate the 
pristine LDH structure is preserved. 
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3.2. Near-infrared (NIR) spectroscopy 
  
 The near-infrared spectra may be conveniently divided into sections according 
to the attribution of bands in this spectral region.  Accordingly spectra are divided into 
(a) the spectral region between 12000 and 8000 cm-1; this region  corresponds to the 
electronic bands resulting from transition metal ions in the layered double hydroxide 
structure and also includes the second fundamental overtones of OH stretching 
vibrations (b) the spectral region between 7500 and 5900 cm-1; this region displays 
the first fundamental overtones of the mid-infrared OH stretching vibrations and (c) 
the spectral region between 5600 and 4000 cm-1; this region represents the 
combinational modes of OH stretching and bending modes and bands (<4600 cm-1) 
due to the combination of carbonate ion vibrational modes[22-28]. 
3.2.1. The 12000-8000 cm-1 spectral region 
 Characteristic bands appear in the region of 12000-8000 cm-1 due d-d 
transitions.  The presence of Ni and Co in layered double hydroxides significantly 
affects the band positions in their spectra as shown in Fig. 2. Ionic crystals doped with 
Ni2+ and Co2+ have been reported in view of their importance and use as laser active 
transitions in the near-infrared region [29-31]. Three bands reported for Ni2+ in Ni-Mg 
carbonates and silicates [32-38], one in the near-infrared and two in the visible region 
were assigned to 3A2g(3F) → 3T2g(3F), 3A2g(3F) → 3T1g(3F)  and 3A2g(3F) → 3T1g(3P) 
transitions. For octahedrally coordinated high-spin Co2+ (3d7), the ground state is 
4T1g(4F). Three spin-allowed transitions expected in Co compounds are 4T1g(4F) → 
4T2g(4F), 4T1g(4F) → 4A2g(4F) and 4T1g(4F) → 4T1g(4P). Characterization of Ni-
carbonate minerals; nullaginite Ni2(CO3)(OH)2,  zaratite Ni3(CO3)(OH)4.4H2O, 
widgiemoolthalite  (Ni,Mg)5(CO3)4(OH)2.5H2O and takovite 
(Ni6Al2)(CO3,OH)(OH)16.4H2O shows one spin-allowed crystal field (CF) transition 
band near 9200 cm-1 [38]. Fig. 2 shows the high wavenumber region of layered double 
hydroxides containing divalent Ni and Co. The spectral patterns of the two synthetic 
phases appear to be similar but their positions are distinctly different. Compositional 
changes clearly reflected both in terms of position and band intensity. Some 
interesting differences can be observed in the near-infrared spectra of Ni-and Co-
layered double hydroxides. The band observed in Ni3Al-DS at 8785 cm-1 with a 
shoulder at 10645 cm-1 defines the crystal field splitting energy (10 Dq = ∆○) for Ni2+ 
in six fold coordination and is assigned to 3A2g(3F) → 3T2g(3F) transition. This band 
shows a shift to lower wavenumbers and appears at 8380 cm-1 with shoulder at 10610 
cm-1 in Ni3Al-LDH (Fig. 2a). The second difference is that Co-HTs profiles are 
shifted to lower energy with respect of Ni-HTs remarkably. For Co3Al-DS, the broad 
band observed at 8735 cm-1 with a shoulder at 9900 cm-1 is within the cobalt  spectral 
range 10000-7000 cm-1 [35] and is attributed to 4T1g(4F) → 4T2g(4F) spin-allowed 
transition. The report on kolwezite [(Cu,Co)2(CO)3(OH)2] shows two bands in the 
NIR at 7520 cm-1 and 8385 cm-1 assigned to Cu2+ and Co2+ ions respectively [39]. The 
Co2+ band in synthetic layered double hydroxide shows a shift to lower wavenumbers 
and appears at 8000 cm-1 in the Co3Al-LDH spectrum (Fig. 3c). The third difference 
in the spectra (Fig. 3a and c) is the significant difference between the crystal field 
(CF) transitions (Ni2+ band: 8380 cm-1 and Co2+ band: 8000 cm-1) of the individual 
cations of Ni2+ and Co2+ located in the brucite-like layer with anions and water 
molecules intercalated in the interlayer region of layered double hydroxides (LDHs).   
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3.2.2. The 7500 and 5900 cm-1 spectral region 
 The near-infrared spectra of Ni and CoAl-layered double hydroxides together 
with Ni3Al-DS and Co3Al-DS are illustrated in Fig. 4. A broad absorption feature 
extending from 7300 to 6100 cm-1corresponds to the overtones of OH stretching 
vibrational modes observed in the FT-IR spectral region 3600-3300 cm-1 (Fig. 5). 
Two strong bands at 3550-3300 cm-1due OH stretching vibrations have been reported 
in many carbonate minerals [22, 37, 40].The overtone band 2ν(OH) observed at 7060 
cm-1 in Ni3Al-DS shifted to peak position 7105 cm-1 with a component at 6960 cm-1 in 
Ni-hydrotalcite. This band is located at 7025 cm-1 in Co-layered double hydroxide 
(Fig. 4c). A shoulder band may be attributed to M-OH overtone (M =Ni/Co/Al) 
stretch is a common feature in all the four profiles between 6675-6520 cm-1.  
3.2.3. The 5600 and 4000 cm-1 spectral region 
 The near IR spectra of layered double hydroxides in Fig. 5 consist mainly two 
group of bands centred at 5200 and 4400 cm-1. The former one is the contribution of 
water-OH overtones and the latter group that contains three series of peaks near 4400, 
4300 and 4100 cm-1 with variable band positions and diminishing intensity 
corresponding to the overtones and combinations of the vibrational modes of 
carbonate ion [41, 42]. The existence of strong absorption feature near 5300-4900 cm-
1 has been reported for water-overtones in hydrous carbonates like rosasite group 
minerals [39]. Table 2 shows the assignments of overtones and combinational modes 
of OH and carbonate ion fundamental band positions observed in the IR spectra is in 
close agreement with that of carbonate minerals [38].  
 
3.3. FT-IR spectroscopy 
3.3.1. The 3750-2750 cm-1 spectral region 
 The FT-IR spectra of LDH-DS are shown in Figs. 5 and 6. For Ni3Al-LDH 
(Fig. 5a) the intense and broad absorption band centred at 3410 cm-1 relates to the 
metal-OH stretching vibrations. The broadening of this band is due to hydrogen bond 
formation [43].The LDHs can be structurally characterised as brucite-like sheets in 
which some divalent cations ions of Ni have been substituted by trivalent ions like 
Al3+ to form positively charged sheets and the cationic charge in these sheets is 
compensated by the presence of anions in the interlayer, water molecules also present 
[20]. The strong band at 3410 cm-1 is ascribed to Ni-OH stretching mode whereas the 
3575 cm-1 shoulder on the high wavenumber region may be due to Al-OH vibrations. 
The Ni-OH stretching mode shows shift (Fig. 5b) in the Ni-LDH with surfactant in 
the interlayer by appearing at 3435 cm-1.  Bands in the OH- stretching region of 
Co3Al-LDH shows shift to higher wavenumbers and Co-OH mode observed at 3445 
with a shoulder at 3595 cm-1 (Al-OH). The observation of the broad band at 3140-
2925 cm-1 in all the spectra is interpreted as Co3-H2O bridging mode [20, 44]. An 
evidence of organics structurally trapping in the synthesis of Ni- and Co-surfactant 
interlayered LDH is shown by low intensity sharp bands at 2980-2850 cm-1 which are 
attributed to C-H stretching modes of dodecylsulfonate anion. 
 
3.3.2. The 1800-500 cm-1 spectral region 
The spectra of carbonate stretching region are shown in Fig. 6. The 
composition variations of the Ni-and Co-bearing layered double hydroxides show 
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variable band positions and intensity in each profile. A very weak adsorption band 
due to CO32- present  in the interlayer at 1350 cm-1 is attributed to the ν3 (CO32-) 
antisymmetric stretching mode.  The dramatic decrease of the peak intensity at 1350 
cm-1 in the spectra of Ni3Al-DS and Co3Al-DS (Figs. 5b and d) when compared with 
those of Ni3Al-LDH and Co3Al-LDH (Figs. 5a and c) reflects that the interlayer CO32- 
is replaced by dodecylsulfonate anion. This is in agreement with the occurrence of the 
two prominent vibrations at 2920-2850 cm-1 (Fig. 5), corresponding to the C-H 
stretching modes of dodecylsulfonate anion. The carbonate stretching region in the 
low wavenumber region is a complex profile showing multiple bands. The sharp band 
at 1045 cm-1 is identified as (CO3)2- ν1 symmetric stretching vibration. The bands near 
885 and 760 cm-1 are assigned to the ν2 and ν4 bending modes of carbonate ion.  The 
assignments of carbonate bands in layered double hydroxides are in harmony with the 
data of Raman spectroscopic analysis of aurichalcite minerals [45]. A band at 1630 
cm-1 relates to the deformation mode of water molecules. 
 
4. Conclusions 
 
 Layered double hydroxides containing divalent Ni and Co together with their 
surfactant modified LDHs were synthesized and characterized using XRD, and a 
combination of Near IR and IR spectroscopy. From the XRD patterns, two restack 
modes are detected in the DS- modified materials, showing that large anionic 
surfactant can be incorporated into the interlayer of the LDHs.  The peaks in both NIR 
and IR spectra were attributed in detail. The Near IR results show that the bands of 
metal ions transitions are similar but the position is different between the LDHs and 
the surfactant modified LDHs. The reason rests with the fact that the dodecylsulfonate 
anion forms new bonds with the hydroxyl surface of Ni2+, Co2+, and Al3+ within the 
interlayer. FT-IR spectra indicate bands due to Ni-OH shift to the lower wavenumbers 
after surfactant intercalation. There is evidence to suggest that the Co3-H2O bridging 
mode is formed when the dodecylsulfonate anion are introduced into the layer. The 
CO32- bonds vary due to the different environments in the different LDH samples.   
 
The crystal field strengths of octahedral Ni2+ and Co2+  determined as ∆○ = 
8380 cm-1 for Ni2+ and 8000 cm-1 for Co2+ in synthetic layered double hydroxides are 
close to but smaller than those in the natural Ni-and Co-bearing carbonate minerals 
(∆○ = 9200 cm-1 for Ni2+ and 8385 cm-1 for Co2+). A strong absorption band centred at 
5200 cm-1 in the NIR spectra suggests evidence for the formation of positively 
charged sheets and is compensated by the presence of anions both carbonate or 
dodecylsulfonate anion in the interlayer, that includes water molecules.  Vibrational 
spectra of the layered double hydroxides show a number of bands from 7000 to 4000 
cm-1 assigned to the overtones and combination of OH and CO32- stretching and 
deformation modes. A series of three peaks centred at 4400, 4300 and 4100 cm-1 are 
the overtones and combinations of the vibrational modes of carbonate ion.  FT-IR 
spectra of layered double hydroxides show strong hydroxyl stretching bands at 3435 
cm-1and water bending band at 1630 cm-1. 
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Cation 
 
Radius (Å) 
Al3+  0.54 
Ti4+  0.61 
Cr3+  0.62 
Ga3+  0.62 
Fe3+  0.65 
Ni2+  0.69 
Mg2+  0.72 
Cu2+  0.73 
Co2+ 
 
 0.74 
 
Table 1 
Ionic radii of some cations in octahedral coordination  
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Ni3Al-LDH 
 
 
ν (cm-1) 
Present study 
Ni3Al-DS 
 
 
ν (cm-1) 
Present study 
Co3Al-LDH 
 
 
ν (cm-1) 
Present study 
Co3Al-DS 
 
 
ν (cm-1) 
Present study 
   Nullaginite  
   Ni2(CO3) 
    (OH)2 
    ν (cm-1) 
Reported [33] 
  Zaratite 
  Ni3(CO3) 
  (OH)4.4H2O 
  ν (cm-1) 
Reported [33] 
 Widgiemoolthalite 
 (Ni,Mg)5(CO3)4 
 (OH)2.5H2O 
 ν (cm-1) 
Reported [33] 
     Takovite 
 (Ni6Al2)(CO3,OH) 
 (OH)16.4H2O 
 ν (cm-1) 
Reported [33] 
    Kolwezite 
 (Cu, Co)2 (CO)3 
 (OH)2 
ν (cm-1) 
Reported [35] 
Suggested assignment 
 
9700sh 
8380 t1 
 
9930sh 
8785 t1 
 
9275sh 
8000 t2 
 
9900 sh 
8735 t2 
 
9190 t1 
7880sh 
 
9145 t1 
7910sh 
 
9185 t1 
7820sh 
 
9200 t1 
8075sh 
 
      8385 t2 
      7520 t3 
 
3A2g(3F) → 3T2g(3F) t1 
            4T1g(3F) → 4T2g(F) t2 
 
 
 
7105 
6960sh 
 
6675sh 
 
7060 
6840sh 
 
7025 
 
 
6520sh 
 
6985 
 
 
6600sh 
 
7185c 
 
 
6745 
 
 
6845 
 
 
6785 
 
  6405c 
 
 
6885 
 
6505sh 
 
 
 
 
      6530 
 
2ν2 a 
 
 
2ν2 a 
 
 
 
 
5190 
 
 
5020sh 
 
 
 
 
5195 
5095c 
 
4950sh 
 
 
 
5200 
5125 
 
4935sh 
 
 
 
5215 
5130c 
 
4985sh 
 
 
 
5085 
 
 
 
5155 
 
 
4945sh 
 
5645sh 
 
5130 
 
5380sh 
 
5155 
 
 
4910sh 
 
 
 
      5160 
 
 
     4995 
 
(ν2 + ν3) a 
 
(ν2 + ν3) a 
 
 
(ν2 + ν3) a 
 
 
4415 
 
4375sh 
4335 
 
4410 
4295c 
 
4370sh 
4330 
 
4315 
 
4225 
 
4425 
 
4310 
 
      4505sh 
      4410 
 
(2ν1 + 3ν4) b 
 
 
4275 
 
4260 
4200sh 
 
4240 
 
 
4255 
4190 
 
     
      4375 
 
 
(2ν3 + 2ν4) b 
 
 
4080 
 
4020 
 
4070sh 
4035 
 
4120sh 
4095 
 
     
      4245 
 
3ν3 b 
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t1 Electronic transition of Ni2+ 
t2 Electronic transition of Co2+   
t3 Electronic transition of Cu2+  [2B1g → 2A1g]  
a Overtones and combination modes of OH fundamentals; ν3 and ν2 observed  in IR at 3600-3300 and 3140-2800 cm-1. 
b Overtones and combination modes of (CO3)2- fundamentals observed in IR (ν1 = 1045, ν2 = 885, ν3 = 1350 and ν4 = 760 cm-1) 
 
 
 
Table2 
 
Assignments of the NIR bands in Ni/Co- layered double hydroxides and comparison with natural minerals 
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Fig. 1  Powder X-ray diffraction patterns of the resultants in the 2 θ 2-10º (A) 
and 8-65o (B) regions. 
 
Fig. 2 The Near IR Spectra of LDH-DS in the 12000-7000 cm-1 region. 
 
Fig. 3 The Near IR Spectra of LDH-DS in the 7500-5900 cm-1 region. 
 
Fig. 4 The Near IR Spectra of LDH-DS in the 5600-4000cm-1 region. 
 
Fig. 5 The IR Spectra of LDH-DS in the 3750-2750cm-1 region. 
 
Fig. 6 The IR Spectra of LDH-DS in the 1800-500 cm-1 region. 
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A 
 
 
B 
 
 
Fig. 1  Powder X-ray diffraction patterns of the resultants in the 2 θ 2-10º (A) 
and 8-65o (B) regions: a. Ni3Al-LDH, b. Ni3Al-LDH, c. Co3Al-LDH, d. Co3Al-DS. 
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Fig. 2 The Near IR Spectra of LDH-DS in the 12000-7000 cm-1 region. 
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Fig. 3 The Near IR Spectra of LDH-DS in the 7500-5900 cm-1 region. 
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Fig. 4 The Near IR Spectra of LDH-DS in the 5600-4000cm-1 region. 
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Fig. 5 The IR Spectra of LDH-DS in the 3750-2750cm-1 region. 
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Fig. 6 The IR Spectra of LDH-DS in the 1800-500 cm-1 region. 
 
 
 
 
